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Abstract
Background: Intravaginal estradiols (VE) have been proposed
as safe alternatives to systemic estrogen therapy in breast can-
cer survivors.

Patients and Methods: Postmenopausal women with es-
trogen receptor–positive breast cancer or at high risk for breast
cancer (n � 24) who were taking an aromatase inhibitor (AI) or a
selective estrogen receptor modulator (SERM) and VE for � 90
days for atrophic vaginitis and 24 controls taking AI only partici-
pated in the study. Serum samples were drawn from VE ring
patients before insertion and 30 and 60 days postinsertion, from
VE tablet patients the morning before insertion and approxi-
mately 12 hours postinsertion, and once from controls. Samples
were assayed for E2 concentrations by using highly sensitive
radioimmunoassay after ether extraction.

Results: Mean E2 levels in controls were 3.72 pmol/L (range,
� 3.0-7.7 pmol/L); mean E2 levels preinsertion and 12 weeks
postinsertion in the VE ring patients were significantly greater
than controls (P � .001 for each comparison). Mean preinsertion
E2 levels in patients using VE tablets were not significantly differ-
ent than those of controls (P � .48), and postinsertion levels were
76 pmol/L higher than preinsertion (P � .001).

Conclusion: VE treatment increased E2 levels. Preinsertion
levels for patients receiving VE tablets were not elevated com-
pared with those of controls, suggesting that E2 elevations with
this preparation may not be continuously sustained. We con-
clude that VE treatment, regardless of type, results in elevated
circulating E2 levels in this population and should be used with
caution.

Introduction
Antiestrogen therapy to suppress or block circulating estrogens,
such as aromatase inhibitors (AIs; eg, anastrozole, exemestane,
and letrozole) and selective estrogen receptor modulators
(SERMs; eg, tamoxifen, raloxifene), are widely used to prevent
and treat hormone receptor–positive (estrogen-sensitive) breast
cancer.1-3 Atrophic vaginitis is increased in women taking AIs
and SERMs, leading to a significant decrease in the overall
quality of life, including vaginal dryness, dyspareunia, urinary
incontinence and sexual dysfunction.4-10 For example, in the
Anastrozole, Tamoxifen, Alone or in Combination (ATAC)
adjuvant breast cancer trial, 18.5% of women in the AI arm and
9.1% of women in the tamoxifen arm experienced vaginal dry-
ness.11 Pain or discomfort with intercourse was reported in
17.3% of patients receiving the AI and 8.1% of patients receiv-
ing tamoxifen.11

Vaginal estradiols (VEs), such as the 17 beta-estradiol vagi-
nal tablets (Vagifem; Novo Nordisk, Princeton, NJ) and the 17
beta-estradiol ring (Estring; Pharmacia & Upjohn, Kalamazoo,
MI), have been used to alleviate atrophic vaginitis in postmeno-
pausal women without breast cancer.4,12-17 However, the use of
any form of estrogens in breast cancer survivors or patients at
high risk for breast cancer development is controversial.18 In
general, the benefit of tamoxifen appears to be independent of

circulating endogenous estrogen levels, but the efficacy of AIs is
directly related to maintenance of profoundly low estrogen lev-
els. Regardless, a prospective randomized clinical trial compar-
ing systemic estrogen replacement therapy with nil in breast
cancer survivors was discontinued prematurely as a result of
excess cancer recurrences.19 Twenty-one percent of these pa-
tients were receiving tamoxifen. Furthermore, in the ATAC
trial, the outcomes for patients randomly assigned to the com-
bined use of anastrozole and tamoxifen were no better than
those of patients who received tamoxifen alone, and signifi-
cantly worse than those of patients who received anastrozole
alone, possibly as a result of the weak estrogen agonist effect of
tamoxifen in the absence of endogenous estrogen.20

The use of VEs in women being treated with adjuvant AI or
SERM therapy for estrogen-sensitive breast cancer has not been
well studied, although its use is recommended anecdotally. In
one of the few reported studies, circulating estrogen levels ap-
peared to decrease over time, with minimal if any absorption
after 3 months.8 Nonetheless, because absorption was observed;
the authors concluded that using VEs in women taking an AI is
contraindicated.

It has been proposed that over time the initial absorption of
VEs is decreased as a result of estrogen-driven vaginal matura-
tion.16,17,21,22 If so, then it has been reasoned that VEs might be
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safe for the use of alleviating atrophic vaginitis in some patients
taking an AI or SERM. In a previously reported study with a
similar design to this study but with a less sensitive serum estra-
diol (E2) assay,23 we did not detect a statistically significant
difference in sustained estrogen levels between postmenopausal
women taking AIs who were using VE tablets versus those who were
not. However, we did observe significantly elevated transient postin-
sertion circulating estrogen levels, suggesting effective trans-vaginal ab-
sorption. We now report an extension of that study in a similar
population of women taking an AI or a SERM, with an untreated
control group. Patients using VE rings and those using VE tablets are
included. A more sensitive radioimmunoassay assay for determination
of serum E2 levels was used.

Patients and Methods

Patient Recruitment and Eligibility
This is a prospective clinical study approved by the institutional
review board and Human Investigation Committee at William
Beaumont Hospital (Royal Oak, MI). Cases and controls were
identified and recruited from Cancer Care Associates (CCA),
William Beaumont Hospital by one of the authors (D.A.D.)
over a 6-month period. Controls were identified from the pop-
ulation of breast cancer patients seen at CCA during a routine
follow-up for their breast cancer. Cases receiving VEs were
identified by a search of the CCA electronic medical record.
Both cases and controls provided consent at the time of a rou-
tine follow-up visit.

To be eligible for this study, both cases and controls had to
be postmenopausal, as defined by no menstrual period for 1
year or prior bilateral oophorectomy. Patients had a diagnosis of
either hormone receptor–positive breast cancer or were at high
risk of breast cancer. Both cases and controls who had breast
cancer must have successfully completed surgery, radiation
therapy, or adjuvant chemotherapy and must have been clini-
cally disease free at the time of enrollment. Both cases and
controls were required to have been taking an AI or SERM
for � 14 days. The controls were not matched to cases for body
mass index, prior chemotherapy, time since diagnosis, or char-
acteristics other than those stated above.

Eligible patients were required to have been taking an AI or
SERM as adjuvant therapy or for breast cancer risk reduction
and to have had the additional diagnosis of atrophic vaginitis, as
determined by symptoms such as vaginal dryness, dyspareunia,
and urinary or sexual dysfunction. Atrophic vaginitis was diag-
nosed by the treating physician. Patients taking VEs had all
achieved a clinical benefit and wished to continue treatment for
symptom relief. Patients were assumed to be compliant with
their VE because they achieved a clinical benefit and were asked
if they were compliant during the study period. No formal
evaluation of compliance was performed.

VE Tablet Cohort
Patients were eligible for the VE tablet cohort if they had been
regularly using a standard dose of 25 �g, 17 beta-estradiol vag-
inal tablets for � 3 months. Therefore, all these patients were

previous users of VE tablets and would be expected to have a
mature vaginal epithelium and consistent absorption of the
tablets. The 25 �g tablet has a loading dose of every night for 14
days, followed by the standard 25 �g 17 beta-estradiol vaginal
tablets two times per week thereafter. Blood samples were col-
lected approximately 12 hours before VE insertion and approx-
imately 12 hours postinsertion to detect peak levels, consistent
with the tablets’ known absorption profile. Longer term fol-
low-up levels were not determined because the levels fall rapidly
to zero after the peak level.

VE Ring Cohort
Patients were eligible for the VE ring cohort if they had been
continuously using the VE ring for � 3 months. The VE ring is
replaced and inserted once every 90 days. It has been reported to have
an initial estradiol peak immediately after insertion of a new ring, with
reduced systemic absorption over the 12-week period.16,17,21,22 Blood
samples were collected approximately 24 hours before new VE ring
insertion and at 30 and 60 days postinsertion, consistent with the
rings known absorption profile.

Controls
Controls were required to have been taking daily AI therapy
(letrozole, exemestane, or anastrozole) for � 14 days and to
have not been using VE of any type. The controls were not
questioned about symptoms of vaginal atrophy. Blood samples
were collected during a routine clinical visit.

Specimen Collection and Shipment
Blood was drawn and collected in the laboratory at CCA.
Samples were stored in an untreated collection tube in a
freezer at �70 °C until shipment on dry ice to the assay
laboratory for E2 assay.

E2 Assay
E2 concentration was measured by radioimmunoassay after an
organic extraction using diethyl ether. The within- and be-
tween-batch coefficients of variation were 5.6% and 9.4%, re-
spectively, at a concentration of 33 pmol/L. The sensitivity of
the assay was defined as 3 pmol/L by calculation from the 95%
CIs of the zero standard.24

Statistical Analyses
Statistical analyses were performed by using the t test for comparison
between paired sample sets, as well as the Wilcoxon signed rank test.
Statistical analyses were carried out using the SAS statistical software
program (version 9; SAS Institute, Cary, NC).

Results
We recruited 48 postmenopausal women (24 control partici-
pants receiving AI only, 14 participants using the VE tablet, and
10 participants using the VE ring) between November 2006
and April 2007 (Appendix Table A1, online only). The average
age of controls was 68 years (range, 53 to 79 years). The average
age of cases using the VE tablet and VE ring was 60 years (range,
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49 to 67 years). Cases had been using VEs for an average of 20
months (range, 3 to 73 months) before enrollment in this study.

Controls
Of the controls, 13 were taking anastrozole, five were taking
letrozole, and six were taking exemestane as adjuvant therapy
for hormone-sensitive breast cancer (Figure 1). All controls
were taking the AIs for no less than 14 days, and none were
using a VE. All five controls taking letrozole had E2 levels of
� 3.0 pmol/L, eight of 13 taking anastrozole had levels � 3.0
pmol/L (range, � 3.0-5.8 pmol/L), and two of six taking ex-
emestane had levels � 3.0 pmol/L (range, � 3.0-7.7 pmol/L;
Figure 1). The mean E2 levels for all controls taking an AI was
3.72 pmol/L (range, � 3.0-7.7 pmol/L).

VE Tablet Cohort
Of the cases receiving the VE tablet, six were taking anastrozole,
three were taking letrozole, one was taking exemestane, and
four were taking tamoxifen as adjuvant therapy for estrogen-
sensitive breast cancer, or breast cancer risk reduction. Figure 2
displays the absolute E2 levels for each patient, preinsertion and
postinsertion. To compare all 15 preinsertion and postinsertion
levels, mean E2 levels were compared. The mean E2 level pre-

insertion, inclusive of AIs and SERMs, in patients using the VE
tablet was 4.7 pmol/L (standard deviation [SD]: 3.2; 95% CI,
2.9 to 4.9), which was not significantly different than that for
control patients (P � .48). The mean E2 level at approximately
12 hours post insertion in patients using the VE tablet was 76
pmol/L (SD � 97 pmol/L; 95% CI, 14 to 89 pmol/L), which
was significantly higher than preinsertion levels (P � .001).

A comparison of the median E2 levels of patients taking AIs
and VE tablets as compared with controls preinsertion was not
significant (2.9 pmol/L; 95% CI, 2.9 to 4.9; P � .93); however,
when comparing the postinsertion E2 levels, we found a statis-
tically significant difference (45 pmol/L; 95% CI, 19 to 89; P �
.001). One VE tablet patient had serum E2 levels drawn at
baseline and approximately 12 hours, but also at 24 hours. At
24 hours her E2 level had returned to baseline (data not shown).

VE Ring Cohort
Of the VE ring cases, six were taking an AI (three anastrozole,
three letrozole), and four were taking an SERM (one raloxifene,
and three tamoxifen) as adjuvant therapy for estrogen-sensitive
breast cancer or breast cancer risk reduction. Figure 3 displays
the absolute E2 levels for each patient, preinsertion, 30 days
postinsertion, and 60 days postinsertion. To compare the three
time points in all 10 patients, mean E2 levels were compared.
Mean E2 level preinsertion in patients using the VE ring was
14.2 pmol/L (SD � 7.2 pmol/L; 95% CI, 11 to 19 pmol/L),
which was significantly higher than E2 levels in controls (P �
.001). Mean E2 level at 30 days postinsertion in patients using
the VE ring was 10.2 pmol/L (SD � 30.2 pmol/L; 95% CI, 4
to 95 pmol/L), which was not different than preinsertion levels
(P � .31). However, the mean E2 level at 60 days postinsertion
in patients using the VE ring was 30 pmol/L (SD � 50 pmol/L;
95% CI, 10 to 20 pmol/L) which was statistically significantly
elevated compared with preinsertion levels (P � .001).

A comparison of the medians in controls and patients taking
AIs only and using the VE ring preinsertion was significant
(15.0 pmol/L; 95% CI, 2.9 to 19 pmol/L; P � .014). Again,
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Figure 1. Controls taking an aromatase inhibitor (AI) only. The detection
limit was 3 pmol/L. Dotted line indicates those values less than 3
pmol/L. A, anastrozole; E, exemestane; L, letrozole.
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Figure 2. Cases using an aromatase inhibitor (AI) or selective estro-
gen receptor modulator (SERM) and the intravaginal estrogen tablet.
The detection limit was 3 pmol/L. Dotted line indicates those values
less than 3 pmol/L. A, anastrozole; E, exemestane; L, letrozole; T,
tamoxifen.
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Figure 3. Cases using an aromatase inhibitor (AI) or selective estro-
gen receptor modulator (SERM) and the intravaginal estrogen ring.
The detection limit was 3 pmol/L. Dotted line indicates those values
less than 3 pmol/L. A, anastrozole; L, letrozole; R, raloxifene; T,
tamoxifen.
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when comparing median serum E2 levels 60 days postinsertion
in ring patients with those of controls, we found a statistically
significant difference (15 pmol/L; 95% CI, 1.9 to 35 pmol/L;
P � .014).

Discussion
In this study, we have prospectively observed that intravaginal
estrogen therapy for women taking either an AI or an SERM for
treatment or prevention of breast cancer results in significantly
elevated circulating E2 levels. Our data suggest that these ele-
vations occur regardless of whether the VE preparation is by
tablet or slow-release ring. We detected elevated E2 levels
despite long-term VE use, which has previously been hy-
pothesized to prevent vaginal estrogen absorption due to
cornification.4,13,22 E2 levels may not be persistently elevated
after VE tablet insertion, as levels appeared to return to baseline
within 24 hours for one patient, and because preinsertion levels
in all patients were no different than those of women not using
VE. However, for women using the VE ring, we detected ele-
vated preinsertion E2 levels (� 10 pmol/L) in all four patients
taking an SERM and in two thirds of patients taking an AI,
suggesting that absorption is persistent in the VE user. Tamox-
ifen and raloxifene are not known to have any effect on circu-
lating levels of estrogens in postmenopausal women.25-28

Other studies have shown that estrogen is readily absorbed
from the vagina. Randomized trials in postmenopausal women
without breast cancer have demonstrated marginally increased,
but still postmenopausal, estradiol and estrone levels in women
using the estrogenic vaginal ring.17 However, there is indirect
evidence of a systemic estrogenic effect in these women, which
might be deleterious with regard to breast cancer recurrence.29

Our data are consistent with those from Kendall et al,8 who demon-
strated an initial absorption in six of seven postmenopausal women
with breast cancer using a VE (either the VE used in the current study
(Vagifem) or VE cream (Premarin; Wyeth, New York, NY). How-
ever, as in our study, not all patients exhibited an increased level. In the
Kendall et al study, one patient did not have any increase in E2, and in
one half of the remaining six patients, E2 levels returned to baseline at
12 weeks.

The sample size of both cases and controls was small. The
cases sample was limited to the number of patients receiving
VEs in our practice. The number of controls was selected to
roughly match the number cases. Patients were accepted as
controls if they were postmenopausal, receiving an AI in the
adjuvant setting without known recurrence, and completed all
their local therapy. They were not matched for other possible
variables such as compliance, body mass index, prior chemo-
therapy, or others that might influence the outcome. It is un-
likely that matching such a small number of patients would give
any further insight. Furthermore, our control patients’ E2 levels
are consistent with the literature, and each case served as their
own control with a baseline E2 level.8

Taken together, these findings have immediate clinical im-
plications. They indicate that VE therapy, although effective in
treating atrophic vaginitis, may have adverse effects with regard
to breast cancer treatment, as previously reported, large pro-

spective studies have demonstrated worse cancer outcomes in
the setting of estrogenic effect in women taking tamoxifen with
an AI.20 It is possible that exposure of occult breast cancer to
intermittent estrogens may not be detrimental. However, there
is no research to substantiate this view.

Unfortunately, antiestrogenic cancer treatments do cause
considerable vaginal toxicity, for which, short of estrogen treat-
ment, there are few good alternatives. Several studies have doc-
umented that lack of adherence and/or persistence to SERMs
and AI is quite high, despite their life-saving benefits, as a result
of postmenopausal symptomatology, including atrophic vagi-
nitis.30-33 Over-the-counter nonhormonal vaginal moisturizers
and lubricants appear to be only modestly helpful.34-36 There is
little research support for vaginal testosterone, dehydroepi-
androsterone, or other hormonal interventions.37 Furthermore,
these hormones serve as precursors for estrogenic compounds
via aromatization. Although it is not known whether pharma-
cologic use of precursors increases estradiol levels, one must
have some concern about this possibility.

A lower dose estradiol vaginal tablet has recently replaced the
higher dose. A 17 beta-estradiol tablet formulation is now avail-
able in a 10-�g tablet. When compared with the 25-�g 17
beta-estradiol vaginal tablet used in this study, there is similar
symptom relief. There is less systemic absorption after both
initial and chronic use.38,39 However, the assays used in these
studies may be less sensitive than the extraction radioimmuno-
assay in this study. This formulation has not been reported in
breast cancer survivors on an AI or tamoxifen. A prospective
trial of the 10-�g tablet is underway.40

In summary, our data suggest that intravaginal estrogen prepara-
tions, although attractive for the treatment of postmenopausal atro-
phic vaginitis, should be used with caution for women with hormone
receptor–positive breast cancer taking antiestrogen therapy. For
women with symptomatic vaginal atrophy, nonhormonal vaginal
moisturizers and lubricants should be tried. For those without symp-
tomatic relief who request intervention to improve their quality of life
or compliance, the known risks and benefits should be discussed with
their physician.
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